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Aloe vera gel conjugated cuttlefish bone graft material treated with three types of 
hydroxyapatite for clinical trial

Abstract 
We have developed three types of hydroxyapatite particle (HP) functionalized Aloe vera gel W (AGW®) conjugated cuttlefish 
bone graft materials (Aloe-CGMs) for clinical applications. These Aloe-CGMs were prepared by attaching platelet, needle, and 
sphere shaped HPs to the surface of cuttlefish bone graft materials through chemically AGW® conjugation. Although all three 
HPs contributed to increase the surface area of graft material (GM), the shape of the HPs was a determining factor. Platelet HPs 
were most effective, because they caused a 62.3% increase in GM surface area whereas the influence of the spherical particle 
was only a 5.2% increase. This suggests that geometric factors regarding both the attached HPs and graft material surface are 
essential in controlling the surface roughness of graft materials. Among the three HPs, it was the platelet HPs that helped to 
increase the efficacy of the GM most significantly. Compared with GM with no HP attachment, Aloe-CGMs with platelet shaped 
HP (platelet Aloe-CGMs) treatment had ~58.9% higher cell attachment and proliferation rate. The MTT assay also showed that 
the HP treated cuttlefish bone graft materials had negligible cytotoxicity.
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Introduction
Bone grafting is a surgical operation carried out to physically 
replenish a missing or weak bone and stimulate the growth of the 
osteoblasts on it [1]. For efficient bone grafting, a suitable scaffold 
is required. For example, graft materials (GMs) should have 
structures similar to those of bones, with a large specific surface 
area and high porosity [2,3], to stimulate the growth of osteoblasts. 
They should also cause low immune responses and low risks of 
infection to minimize danger in clinical use. 

GMs can be classified as autografts, allografts, xenografts, and 
alloplastic grafts, based on the origin of the materials [4]. Because 
autologous graft materials are from the patient’s own body, they 
are ideal graft materials, with high osteogenesis, osteoinduction, 
and osteoconduction. However, it is generally expensive and 
painful to use autografts because an additional surgery is needed 
to obtain them from the patient’s body. Allografts, obtained from 
individuals who are not treated with the graft, can be an alternative 
choice but they are also expensive and there may be concerns 
about infection and immune response. Alloplastic grafts are 
synthetic materials, so they are relatively cheap. However, because 
the mechanical and structural properties of alloplastic grafts are 
very different from natural bones, their performance is generally 

not as good as other graft materials [5]. However, xenografts have 
many advantages over other graft materials [6]. Being prepared 
from animal bones, xenografts have major components and micro 
and nanoscale structures similar to human bones [7]. Having 
high osteoinduction and osteoconduction, xenografts provide a 
good environment for osteoblasts to attach and proliferate [8].  
Furthermore, the degree of immune response occurring with 
xenografts has been reported to be smaller than with allografts [9]. 
Additionally, because xenografts are collected from animals, they 
can be obtained in larger quantities at much cheaper prices than 
autografts or allografts.

Because of these important advantages, xenografts have been well 
studied and some are available commercially [10].  Bovine bones 
are one of the most frequently used materials as xenografts, but 
they now have the potential risk of mad cow disease. To bypass 
this problem, we developed a xenograft material obtained from 
cuttlefish bone [11].  Being similar to human organs and tissues 
with less concern about human health issues, cuttlefish bone 
based materials have potential to serve as an excellent choice with 
improved biological and mechanical efficacy.

It has been reported that the surface roughness of GM is a key 
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factor in stimulating osteoblast attachment and proliferation, 
neovascularization, promotion of periodontal tissue, and bone 
formation [12-14]. Thus, it may be possible to enhance the 
performance of xenografts by increasing their surface roughness. 
Processes such as heat treatment or etching are typically used in 
metallic or ceramic materials to increase their surface roughness 
[15]. However, these are not desirable for xenograft materials 
because heat treatment processes can disrupt micro and nano 
scale structures of bones while the chemicals used for etching can 
increase the toxicity of graft materials [16].  Thus, a new method 
applicable to increasing the surface roughness of xenograft 
materials is desirable.

Hydroxyapatite particles (HPs) are biocompatible materials [17-
19] often used in orthopedics and dentistry [20] as substitutes 
for bones and teeth [21]. Because HPs are composed mainly of 
elements similar to bones and have large surface area to volume 
ratios [22], they are strong candidates to replace bones and teeth. 
HPs have been used with various polymers [22-30], ceramics 
[31], and metals [32-34] to make alloplastic materials [35-36] 
However, to our knowledge, there is no report applying HAp NPs 
to xenografts to change their surface properties and improve their 
performance.

This study purposes the development of Aloe vera gel W (AGW®) 
conjugated cuttlefish graft materials (Aloe-CGMs) for clinical 
applications. We exploited a chemically AGW® conjugation 
method to attach HPs with different shapes, such as platelets, 
needles, and spheres, to the surface of grafts prepared from 
cuttlefish bone to change their surface morphology and surface 
area. Then, we investigated whether the attached HPs could 
improve the biological activities of graft materials and whether 
there was any variation between particles of different shapes.

Materials and Methods
Materials
Most of the materials used for HP synthesis and surface 
functionalization, such as type B gelatin (from bovine 
skin), alendronate, succinic anhydride, 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide hydrochloride (EDAC), 
s-NHS, MES and NaOH, were purchased from Sigma-Aldrich 
(St Louis, MO, USA). Ca(NO3)4H2O, NaH2PO4•2H2O and urea 
were from Junsei Chemical Co, Ltd. (Tokyo, Japan). Na2HPO4 
and NaH2PO4 were purchased from Samchun Chemical (Seoul, 
Korea). DMSO was purchased from Daejung Chemical (Siheung, 
Korea). Aloe vera gel W (AGW®) and Aloe-CGMs were from 
KimJeongMoon Aloe Ltd. (Jeju, Korea).

MC3T3-E1 cells used in this experiment were provided at the Lab 
of Biomedical Science, Jeju National University (Jeju, Korea). 
Alpha minimal essential medium (α-MEM) was purchased from 
Gibco (Carlsbad, CA, USA) and the Quant-iT PicoGreen dsDNA 
assay kit was purchased from Invitrogen (Carlsbad, CA, USA). 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 

(MTT) was purchased from Calbiochem (San Diego, CA, USA). 

Synthesis of Hydroxyapatite Particles
We modified previously reported synthesis methods to prepare 
platelet, needle, and spherical shaped HPs [37,38]. Specifically, 
gelatin 500 mg, Ca(NO3)•4H2O 2.41 g, NaH2PO4•2H2O 1.49 g, 
and urea 1.214 g were all dissolved together in 500 mL of water. 
A small amount of NaOH (0.1-2 M) was added to the mixed 
solution to adjust pH. To synthesize platelet HAp NPs, the pH 
of the solution was adjusted to 7.5 and the reaction was carried 
out at room temperature. The pH of the mixed solution was tuned 
to 10 and 13 for the synthesis of needle and sphere shaped HPs, 
respectively. The mixed solution was reacted at 90°C for 96 h to 
synthesize needle and sphere shaped HPs. A purification process 
was followed by centrifuging the synthesized particles at 4500 
rcf for 10 min and replacing the supernatant with DI water (18 
MΩ•cm). This process was repeated six times.

Preparation of Bone Graft Materials From Cuttlefish Bone
Raw cuttlefish bone was obtained from the National Institute of 
Fisheries Science (Jeju, Korea). A diamond saw was used to cut 
the large cuttlefish bone into small pieces (15×15 mm). To remove 
organic matter, the porcine pieces were stirred in 30% hydrogen 
peroxide for 12 h and 80% ethyl alcohol for 12 h. After rinsing 
with distilled water, bone pieces were dried for 24 h at 100°C and 
then heat treated at 600°C in an oxygen atmosphere box furnace 
to remove collagen and organics. Finally, the bone pieces were 
ground with a grinder.

Chemically AGW® Conjugation of HPs on the Cuttlefish 
Bone Graft Materials
For amine functionalization on HPs and GMs, the surface of HPs 
and GMs were both reacted with AGW® [39,40]. For the reaction, 
30 mg of HPs or GMs were dissolved in 10 mL of water and 0.15 
mg of AGW® was added afterwards. The mixed solution was 
reacted at 37°C for 12 h. After the reaction, the particles were 
purified by centrifuging the solution at 4500 rcf for 10 min and 
replacing the supernatant with 10 mL of DI water. This process 
was repeated six times. The GMs were centrifuged at 7 rcf for 1 
min for the purification.

For carboxyl functionalization of GMs, subsequently, the amine 
modified GMs were functionalized with carboxyl groups [41]. For 
the functionalization, GMs were dissolved in 10 mL of phosphate 
buffer (pH 7.4, 0.1 M) and 0.46 mg of succinic anhydride was then 
added. The reaction was carried out at room temperature for 3 h 
with gentle shaking with digital rocker at 40 rpm. After the reaction, 
the GMs were centrifuged at 7 rcf for 1 min for purification and the 
supernatant was replaced with 10 mL of MES buffer (pH 5.0, 0.1 
M). This process was repeated six times.

For the attachment of HPs on GMs for Aloe-CGMs formation, 
0.88 mg of EDAC and 2.5 mg of s-NHS were added to MES buffer 
3 mL (pH 5.0, 0.1 M) containing 30 mg of BGMs [41,42]. 
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The mixture was shaken for 2 h at room temperature. After 
the reaction, amine-modified HPs were added to the solution 
containing EDAC and s-NHS-treated GMs for >2 h with gentle 
shaking. After the reaction, the GMs were centrifuged at 7 rcf for 1 
min for purification and the supernatant was replaced with 10 mL 
of DI water. Because most HPs remained in the supernatant at 7 
rcf, the unreacted particles could be removed from the GMs. This 
process was repeated six times.

Cell Culture and Assay
Cell culture of MC3T3-E1 : Prepared GMs (40 mg) with or 
without HP surface treatment were put in a 48-well cell culture 
plate. These samples were washed three times with ethanol and 
PBS solution (137 mM NaCl, 10 mM Na2HPO4). Then, the 
Aloe-CGMs were placed on a clean bench and irradiated with 
UV radiation overnight for sterilization. After UV irradiation, 1 
mL of α MEM media containing FBS and antibiotics (penicillin/
streptomycin) and 1×105 cells were placed in each well. The cell 
culture plate was incubated at 37°C in a 5% CO2 incubator for 2 
days [43].

After incubation, we removed the medium from the cell culture 
plate and washed the cells using PBS solution. These cells were 
detached from the plate by treating them with trypsin/EDTA 
solution for 3 min. We then added 700 µL of α MEM media to 
each cell suspension and mixed well. This cell suspension was 
transferred to a 1.5 mL centrifuge tube and centrifuged (1,500 rpm, 
5 min). We removed the supernatant and dissolved the cell pellet in 
TE buffer (10 mM Tris-HCl, 1 mM EDTA, pH 7.5).

Quant-iT PicoGreen dsDNA assay: Each cell suspension, 100 µL, 
was mixed with 200 µL of lysis buffer and was incubated at 65°C 
for 10 min. Then, the mixed sample was sonicated for 1 min. After 
placing 100 µL of each sample into the well of a 96-well plate, 100 
µL of 1:200 diluted Picogreen reagents were added to each sample. 
After 5 min, we measured the fluorescence intensity of samples 
using a microplate reader.

Cell viability test: We used the 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay for a cell viability 
test. MC3T3-E1 cells (5×104) were incubated with different graft 
materials for 1 day in a 24-well plate. After removing the culture 
medium, 0.5 mg/mL MTT containing medium was added to the 

cells for 3 h at 37°C. Cells were washed with PBS and insoluble 
products were dissolved in DMSO. Absorbance was measured at 
540 nm using a microplate reader.

Characterization
To assess surface morphologies of the HPs, GM, and Aloe-
CGMs, we used a JEOL JSM-7600F field emission scanning 
electron microscope (FE-SEM). For the Fourier transform infrared 
spectrometry (FT-IR) measurements, a Bruker TENSOR 27 
spectrometer was used. The prepared samples were spread on 
thallium bromoiodide (KRS-5) optical crystals and dried before 
taking FT-IR measurements. For the zeta potential measurements, 
we used a Nano ZS90 system from Malvern Co. For the X-ray 
diffraction (XRD) characterization, a Smart Apex II diffractometer 
(Bruker) was used. The theta-2 theta method was used for the XRD 
characterization. BET analysis (ASAP 2000, Micromeritics, GA, 
USA) was carried out to measure surface area of GMs or Aloe-
CGMs samples. For the characterization, 100 µg of each sample 
was prepared and dried for 12 h at 90°C in a vacuum oven before 
measurements. BET measurement was carried out by inserting N2 
gas through the vacuum port and monitoring the gas adsorbed on 
the material surface.

Results and Discussion
Formation of HP Bone Graft Material Complex
Figure 1 shows the surface morphologies of a GM and the HPs 
used in this work. The average length and width of GMs were 
1.18±0.62 mm and 0.61±0.15 mm, respectively. The GMs had 
many spherical grains existing on the surface, with a size of 81±37 
nm. Although various morphologies of particles can be synthesized 
[38,44,45], we chose platelet shaped, needle shaped, and sphere 
shaped particles as the three model HPs for our study.

The platelet HPs were elliptical shaped; the lengths of the major 
and minor axes were 165±37 nm and 81±16 nm, respectively. The 
thickness of the platelet HPs was 18±3 nm. The length and width 
of the needle shaped particles were ~127±6 nm and ~19±3 nm, 
respectively. The sphere shaped HPs had an approximate size of 
42±8 nm, similar to the grain size of the GMs. X-ray diffraction 
(XRD) patterns with major peaks appearing at 25.7°, 31.8°, 32.1°, 
33.0°, and 34.0°confirmed that all the synthesized nanoparticles 
were hydroxyapatite (Ca10(PO4)6(OH)2) (Figure 1E) [37]. 
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Figure 1: SEM images of the (A) bone graft material (GMs) and (B-D) platelet, needle, and sphere shaped HPs used in the experiments. 
(E) XRD patterns obtained from HPs with different shapes.

To chemically conjugate HPs on the surface of GMs, we used 
EDAC and s-NHS chemistries after introducing carboxyl groups 
on the surface of the GMs and amine groups on the surface of the 
HPs (see Figure 2 for the scheme of the reaction). Amine groups 
were attached on the surface of HPs by treating them with AGW®. 
The attachment of the amine group on the surface of the HPs could 

be confirmed by FT-IR: two amine stretching peaks and a bending 
peak were observed at 3100-3700 cm-1 and 1753 cm-1, respectively 
(Figure 3A) [46]. We could also prove the attachment of the amine 
group on the HP surface by the variation in zeta (ζ) potential (Table 
1). The ζ-potential of HPs increased from -22.0 to 4.1 after positive 
amine groups were functionalized on the NP surface.

Figure 2: Surface functionalization of (A) HPs and (B) graft materials (GMs) for formation of (C) HP functionalized cuttlefish bone 
graft materials (Aloe-CGMs).

Carboxyl groups were attached on the surface of the GMs, by 
sequential treatments of the materials with AGW® and succinic 
anhydride. The existence of the carboxyl group on the conjugated 
bone surface could be demonstrated by FT-IR, with a O-H bending 

peak, a C-O stretching peak, a C=O stretching peak and a O-H 
stretching peak observed at 920, 1198, 1701, and 2898 cm-1, 
respectively (Figure 3B) [47]. 
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Figure 3:  FT-IR spectra of (A) HPs and (B) GMs before and after surface functionalization.

The sequential conjugation process on GMs could also be 
monitored by the variation in the ζ potential of the material as well 
(Table 1). After the initial treatment of GMs with AGW®, the ζ 
potential increased from +0.1 to +10.5 because of the positively 
charged amine groups on the GMs surface. After the introduction 
of succinic anhydride to the amine-modified graft materials, 
we observed the ζ-potential of the graft materials changing to a 
negative value, from +10.5 to -10.1, because the positively charged 
amine groups were replaced with negatively charged carboxyl 
groups. The results of the FT-IR and ζ-potential experiments both 
demonstrated that carboxylate groups were present on the surface 
of the graft materials.

Table 1: Zeta-potential variation of GM and HP before and after 
surface functionalization.
Sample ζ-potential
HP -22.0±0.7
HP-NH2 4.1±0.5
GM 0.2±0.3
GM-NH2 10.5±0.5
GM-COOH -10.8±0.7

The chemical reaction between amine groups on HPs and carboxyl 
groups on the GMs produced GMs with HP surface treatment. 
The surface morphologies of platelet, needle, and sphere particle-
treated GMs are shown in Figure 4. GMs typically had sub 100 
nm spherical grains on their surface (see Figure 1A for the SEM 
image). When platelet shaped HPs were attached on the surface 
of the GM to form Aloe-CGM with platelet particle treatment 
(platelet Aloe-CGM), the spherical grains of the graft materials 
and the platelet shaped HPs were both observed on the surface 
of the complex structure (see Figure 4A). It is possible that the 
particle attachment on the graft materials can be made through 
the electrostatic interaction between the negatively charged 
carboxylate and positively charged amine modified species rather 
than covalent conjugation. To prove whether the attachment of 

the HP on Aloe-CGM was made through covalent binding, we 
carried out a control experiment, running a parallel conjugation 
experiment but without both EDAC and s-NHS. When amine-
modified platelet shaped HPs and carboxylate GMs were mixed 
in the absence of EDAC and s-NHS, particles were not observed 
on the material surface. This verified that the platelet shaped HPs 
attached on the surface of the GMs were conjugated through 
covalent attachment. To prepare Aloe-CGMs with needle shaped 
particle treatment (needle Aloe-CGMs), we went through an 
identical conjugation process but with needle shaped HPs instead of 
platelet shaped particles. Through SEM analysis, we could observe 
both spherical grains of the graft material and needle shaped HPs 
on the surface of Aloe-CGMs (see Figure 4B). This indicates that 
needle shaped HPs can be attached on the surface of GMs as well 
and this chemical conjugation method is not restricted by the 
morphology of the particles. To obtain Aloe-CGMs with spherical 
particle treatment (sphere Aloe-CGMs), we attached spherical HPs 
on the graft materials using the same process. Because both the 
morphology and approximate size of the spherical particles and 
the grains of the graft materials were similar, it was impossible 
to distinguish the particles and grains from the SEM image of 
the Aloe-CGMs (see Figure 4C). However, we expect a similar 
amount of sphere shaped HPs attached on the sphere Aloe-CGMs 
surface to that observed with platelet Aloe-CGMs and needle HPs. 
To investigate whether the HP attachment on GMs surface can 
increase its surface area, we carried out BET analysis (see Table 
2). GM with no HP attached had a BET surface area of 63.1 m2/g. 
The three types of Aloe-CGMs samples showed increased surface 
areas, regardless of the shape of the particles. These data indicate 
that HPs attached on the surface of graft materials can contribute 
to increasing its surface area. Among the three HPs attached on the 
Aloe-CGMs surface, platelet HPs increased the surface area of the 
GMs most significantly. The surface area of platelet Aloe-CGMs 
was 92.8 m2/g, 62.3% higher than GMs with no HP attachment. 
The needle Aloe-CGMs sample had a surface area of 80.3 m2/g, 
a 30.2% increase compared with the control. Sphere Aloe-CGMs 
had the smallest change, with a surface area of 68.5 m2/, a 5.2% 
increase compared with GMs with no HP attachment
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Figure 4: Surface morphology of Aloe-CGMs with (A) platelet, (B) needle, and (C) sphere shaped HPs attached on the surface. On 
the surface of Aloe-CGMs with platelet and needle particle attachment, both spherical grains and HPs were observed. The platelet and 
needle shaped particles are in blue for clarification.

Table 2: BET surface areas of GM and platelet, needle, and sphere 
shaped HP functionalized Aloe-CGMs.
Sample BET surface area (m2/g)
GM 63.1
Platelet Aloe-CGM 92.5
Needle Aloe-CGM 80.3
Sphere Aloe-CGM 68.5

As mentioned previously, the average size of the platelet particle 

(149×72×16 nm) was larger than that of the spherical grains of the 
graft material (~79 nm). Thus, once the platelet particle binds to the 
GMs surface, a significant proportion of both platelet particle and 
graft material surface will still be exposed, with increased surface 
area and roughness (Figure 5A). The effect of needle shaped HPs on 
the Aloe-CGMs surface roughness seemed to be smaller than that 
of platelet particles because needle shaped particles were smaller 
than platelet particles and their linear structure tends to make them 
lie down on the surface (Figure 5B). On the other hand, as both the 
size and shape of the spherical particles were similar to those of the 
grains of GM, their effect was expected to be somewhat limited.

Figure 5: Predicted surface structures of Aloe-CGMs functionalized with (A) platelet, (B) needle, and (C) sphere shaped HPs. The 
grains of GMs and HPs are colored red and blue, respectively.

Cell Adhesion On Cuttlefish Bone Graft Material
To investigate the number of cells attached to Aloe-CGMs, 
we cultured MC3T3-E1 cells on the graft material samples and 
quantified double-stranded DNA extracted from each samples 
by carrying out a PicoGreen assay (Figure 6). When compared 
with GM with no particle attachment, all of the Aloe-CGMs had 
increased activities, regardless of the shape of the HPs attached 
on the surface. This suggests that HPs attached on the GM surface 
help to improve its biological activity. Among the three different 

HPs, platelet shaped particles increased the activity of the graft 
material most significantly. Compared with the GM, platelet Aloe-
CGMs showed approximately 58.8% higher activity (p<0.002), 
while needle Aloe-CGMs showed 25.7% improvements (p< 0.03). 
On the other hand, sphere Aloe-CGMs did not show significant 
improvement compared to GM. This indicates that two dimensional 
platelet HP attachment helps cells to bind to the graft materials 
more efficiently than the one dimensional needle shaped HPs 
(p<0.01) while sphere Aloe-CGMs make insignificant difference.
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Figure 6: PicoGreen assay data taken from GMs and Aloe-
CGMs with different HP attachment. Platelet Aloe-CGMs and 
needle Aloe-CGMs showed approximately 58.8% (p<0.002) and 
25.7% (p<0.03) improvements compared to GM. On the other 
hand, sphere Aloe-CGMs did not show significant improvement 
compared to GM.  (*p<0.03, **p<0.01, ***p<0.002).
 
We consider that cell attachment and proliferation on Aloe-
CGMs is closely related to the surface properties of the Aloe-
CGMs surface. As mentioned previously, the platelet Aloe-CGM 
had highest surface area, of 92.3 m2/g, which was 50.2% higher 
than GM. Also as large planar particles are attached on small 
spherical grains of GM, platelet particles can generate porous 3D 
structures on the surface of platelet Aloe-CGM. So, platelet Aloe-
CGMs can work as a scaffold that provides an ideal environment 
for osteoblasts to bind and grow. Needle shaped HPs also help 
to increase the surface area of the GMs surface and provide 3D 
structures on it. However, the biological activities of needle 
Aloe-CGMs were not as good as platelet shaped HPs. Although 
needle shaped HPs (120±3 nm) and platelet particles (151±27 
nm) had similar long axis lengths, we believe the two dimensional 
platelet particles were more effective than one dimensional needle 
shaped HPs in forming surface structures for osteoblasts to bind 
and proliferate. However, the spherical HPs showed the smallest 
increase in biological activity, probably because the size and shape 
of the attached HPs were similar to the spherical grains. 

We carried out MTT assay after culturing MC3T3-E1 cells on the 
synthesized Aloe-CGMs for 24 h to test the cytotoxicity of the 
synthesized Aloe-CGMs (Figure 7). From the assay, we observed 
that the viability on the all three types of Aloe-CGMs was similar 
to GM, regardless of the shape of HPs attached on the Aloe-CGMs 
surface. This indicates that all three HPs attached on the Aloe-
CGMs surface had negligible influence on osteoblast cell viability. 

Figure 7: Cell viability determined with the MTT assay from GMs 
and Aloe-CGMs after 24 h of MC3T3-E1 cell culture.

Conclusion
In summary, we demonstrated a method to improve the biological 
activity of cuttlefish bone graft materials by chemically AGW® 
attaching HPs with different shapes on the material surface. Using 
EDAC-NHS chemistry, we could attach platelet, needle, and 
sphere shaped HPs on the surface of cuttlefish bone graft materials 
to form Aloe-CGMs with different surface morphologies. Among 
the three Aloe-CGMs, the one with platelet HPs attached had the 
highest biological activity. The platelet Aloe-CGMs improved cell 
attachment and proliferation of bone graft material ~58.8% and 
showed negligible cytotoxicity. From these results, we were able 
to confirm the possibility of clinical entry later.
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